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Training for Carotid Intervention: Preparing the Next Generation
S.A. Black, V.A. Pandey and J.H.N. Wolfe*
St Mary’s Hospital Regional Vascular Unit, Praed Street, London W2 1NY, UK
Background. Carotid interventions are performed to reduce the cumulative risk of stroke. The success of the procedure is
dependent upon maintaining low operative risk. This article reviews the current state of training for both carotid endar-
terectomy (CEA) and carotid angioplasty and stenting (CAS).
Methods. Medline searches were performed to identify articles with the combination of the following key words: carotid,
endarterectomy, stent, training, assessment and simulation. Manual searches of the reference lists and related papers was
conducted.
Results. Training and assessment for CEA and CAS follows the traditional apprenticeship model. There is no formal train-
ing protocol or objective means of assessment for either carotid endarterectomy or stenting. Models and simulators to allow
for training and assessment away from the operative theatre have been developed, and exist for both CEA and CAS.
Conclusion. The technology exists to allow for both training and assessment of competency to take place in a controlled
and objective environment for both CEA and CAS. The use of simulation needs to be robustly evaluated and assessed to
both complement and augment existing training programs to ensure that the highest standards of care are maintained for
treatment of carotid territory disease. Objective competency based training and assessment is no longer unattainable. Sim-
ulators augment this process and without them operative exposure is sporadic and crisis management infrequent.
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Since the first surgical carotid interventions to prevent
stroke, carotid endarterectomy (CEA) has become an
evidence based mainstay for the prevention and treat-
ment of stroke.1,2 The publication of several robust
randomised control trials has ratified the position of
CEA in the treatment of both symptomatic and
asymptomatic disease.3e5 In recent years the develop-
ment of carotid angioplasty and stenting (CAS) has in-
creased the potential treatment options available.6e8
Clearly both these interventions require impeccable
technique.9
The change in practice bought about by the ‘New
Deal for Junior Doctors and the European working
Time Directives (EWTD)10e12 has been accompanied
by increased scrutiny and demand for objective as-
sessment of technical ability.11,13 There has also been
a move away from the traditional apprenticeship
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petency based assessment and training.14
This paper reviews the current status of training
and assessment for CEA and CAS and evaluates avail-
able technology that may be applicable to future train-
ing and assessment programs.
Methods
An extensive search of relevant literature was under-
taken, employing search engines within PubMed
(National Library of Medicine, Bethesda, Maryland,
US) and the OVID search engine within the MEDLINE
database. Key words: carotid, endarterectomy, stent,
simulation, training and assessment were used.
Further articles were retrieved by manually searching
the reference list of relevant papers.
Cognitive Skills e Training
The physician treating carotid occlusive disease needs
a broad range of cognitive skills that go beyond theved.
519Training for Carotid Interventiontechnical ability to perform either CEA or CAS. Various
publications have emphasised this; outlining a range of-
cognitive skills including understanding the underlying
pathology, the natural history of the disease, clinical
management and a sound anatomical knowledge.15,16
The importance of cognitive understanding is recog-
nised in both cardiology and neuro-radiology where
minimum time periods have been stipulated for the de-
velopment of a sufficient understanding of all aspects
of the disease process including assessment by examina-
tion.17 Connors emphasised that good cognitive training
is essential: for example clinicians treating carotid dis-
ease usingCASare required to assess diagnostic cerebral
angiography. Leape et al noted that there was a wide
rangeof inter-observervariabilitywhenexperiencedcar-
diologists interpreted diagnostic coronary angiograms
for only one variable of ischaemic vascular disease.18
If this same result is true of interpretation of diagnostic
cerebral angiography, the ramifications could be se-
vere.17 It is therefore vital that sufficient understanding
of all aspects of disease management are gained.
Cognitive Skill e Assessment
Currently knowledge of CEA is tested as part of
examinations at the end of surgical training in the
United Kingdom (FRCS) and the Fellowship of the
European Board of Vascular Surgery exam (FEBVS)
by traditional viva-voce or case discussion methods.
The validity of this assessment is assumed but has
not been validated.
Technical Skills e Training
Carotid endarterectomy has traditionally been taught
during an operation.
Many authors have argued that this approach is
safe19e22 Their view is contradicted by an audit con-
ducted by the Vascular Society of Great Britain and
Ireland (VSGBI) which concluded that seniority of
surgeon performing the CEAwas an independent risk
factor for stroke.23 This intuitive conclusion is borne
out by the VSGBI database (www.vascularsociety.
org.uk/docs/nvdr2004.pdf): 85.5% of the 2290 CEA’s
performed in the UK in 2003-2004 were performed by
consultant surgeons. Regional variation in CEA per-
formance is wide with a range of 0 to 15 per 100,000
population.24e26 These factors suggest that trainees in-
frequently performCEA’s, may not be exposed to com-
plications requiring shunt placement and may be
trained in areas were CEA is rarely performed. These
problems are exacerbated by the decreased time fortraining that have resulted from the changes inworking
practice.11,27
Training for CAS is more difficult with few centres
and surgeons currently performing CAS. Local train-
ing for CAS has not been established and courses
such as the ESVS/Guidant course can only accom-
modate a few delegates. Guidelines for training and
credentialing have been issued by organizations rep-
resenting surgeons, cardiologists and radiologists.28,29
There is recognition that proper training strategies
must be developed to allow appropriate training
and assessment.15,17 Guidelines for training of CAS
can be extrapolated to a certain extent from experi-
ence gained by neuro-radiologists in diagnostic cere-
bral angiography, and cardiologists in invasive
coronary procedures.15,17
As with CEA, there is evidence to support the con-
clusion that results for CAS are closely related to expe-
rience. In diagnostic cerebral angiography the risk of
stroke ranges from 0.3 to 5.7%, but is consistently lower
than 1% for experienced interventionalists.30e35 Two
MRI studies of cerebral infarcts following diagnostic
cerebral angiography demonstrated that increased
fluoroscopic/procedural time and use of multiple
catheters were associated with a significant increase
in the risk of embolisation.36,37
Learning curves
The learning curve for CEA is not clearly established.
For CAS there is a learning curve which may be ex-
tremely long.17 In diagnostic cerebral procedures there
is a clearly defined learning curve that continues up to
200 procedures, before competence is gained.33 Cardio-
logists have stipulated a minimum training period of
20 months of supervised cardiac catheterisations with
a minimum of at least 250 supervised coronary stent
procedures before a practitioner is deemed competent
to perform coronary interventions independently.38
This is in addition to 24 months core training in cogni-
tive skills and 300 diagnostic coronary angiograms.
Technical Skill e Assessment
Mentor assessment
Mentor based assessment and the traditional appren-
ticeship model of training have been criticised for
lacking objectivity.11,14,39 This traditional method of
evaluating many aspects of a surgeons ability does
not afford the accountability required of a modern sur-
gical training and assessment process. Furthermore the
reduction in hours imposed by regulatory changes hasEur J Vasc Endovasc Surg Vol 33, May 2007
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to achieve.
Logbooks
Logbooks have formed the backbone of assessment of
technical experience. They provide an ongoing record
of the trainees experience and the training provided
by the institution. They continue to form part of the
accreditation process for entry into the European
Board of Vascular Surgery (FEBVS) exams. However
logbooks have been shown to have a poor correlation
with technical skills performance in this exam,40 and
log book experience may correlate poorly with actual
ability.12,14,41
Clinical outcome indicators
The clinical outcome for the procedure is the most
relevant end-point for evaluation of a procedure.
Fortunately very few patients suffer adverse events
following CEA and CAS, ironically this makes evalu-
ation of the effect of training on patients difficult but
the VSGBI audit has already been alluded to.15,19,20
Proposals for minimum threshold level for technical
success and complications have been suggested for
CAS. These would encompass minor and major tran-
sient deficits, minor or major reversible stroke, minor
or major permanent stroke and death and could then
be used to set trigger points for poor outcome.28 No
such guidelines exist for CEA but the VSGBI audit
uses funnel plots to expose surgeons with outlying
results who are then notified.
Simulation Based Assessment and Training:
Options for Structured Training and
Assessment of Competency
Simulation based training has gained in popularity in
recent years.13,14,41e44 Simulation has been robustly
assessed for procedures such as laparoscopic chole-
cystectomy45e47 and sapheno-femoral junction liga-
tion.13,48,49 Simulations offer the possibility of
reducing the learning curve and enabling the trainee
to gain both cognitive and technical knowledge in
a safe environment away from the patient.
Rating scales/checklists
Global rating scales such as the Objective structured
assessment of technical skill (OSATS) and checklists
have been shown to provide a valid and robust meansEur J Vasc Endovasc Surg Vol 33, May 2007of assessment of surgeons.50,51 Checklists, while pop-
ular, may be less reliable than rating scales for assess-
ment of technical skill.50 Both systems assess various
aspects of technical performance such as respect for
tissue, instrument handling, needle handling and
knowledge of procedure. In addition to these generic
measures of skills, task specific rating scales and
checklist may provide additional information for ob-
jective assessment of a candidate’s ability. For CEA
these may examine performance of the endarterec-
tomy and shunt placement and for CAS could include
features such as wire handling and positioning of the
stent and distal protection devices. Procedural scales
have, for example, been shown to improve objectivity
when assessing sapheno-femoral ligation.52 These rat-
ing scales and checklists can be applied both live and
to video footage review.13,14,41,49
Bench models
Increasingly sophisticated synthetic benchmodelshave
been developed for various procedures. A benchmodel
of a carotid artery containing a plaque has been devel-
oped by Limbs & Things (Bristol e United Kingdom)
in conjunctionwith StMary’sHospital, London,United
Kingdom.The steps of the procedure can thenbe taught
and assessed in a safe environment. Sapheno-femoral
junction dissection and ligation is the most studied
model and shows discriminatory power between
surgeons of different grades52 and correlation with
performance in theatre.14,53 Early results suggest that
a synthetic carotid endarterectomy model may allow
for skills differentiation and incorporation into a com-
petency based assessment and training program.54
End product assessment: a correlate for clinical outcome?
Performance of CEA or CAS on simulators also allows
for the evaluation of ‘end-product’ assessment. As-
sessment of the ‘end-product’ produced in simulation
has been shown to correlate with technical skill.13 For
CEA the simulated artery can be evaluated for the
diameter of the lumen following closure, anastamotic
leak rate and accuracy of suture placement. CAS
simulators are not yet able to record events such as
embolisation but software is being developed to indi-
cate when the vessel wall is damaged by rough wire
manipulation, movement of the distal protection
device following deployment and accuracy of stent
placement (Mentice, Goethenburg, Sweden). We
believe that these simulators will allow immediate
training feedback and therefore improve technique.
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Motion analysis software measures economy of move-
ment.55 This has shown early promise in suggesting
increasing economy of movement as skill increases.56
Hand movements can be synchronised with real time
video footage.57,58 Spikes of activity can be reviewed
and compared with activity on the video. Measuring
economy of movement using these objective measures
may allow for monitoring of training and assessment
in CEA and CAS.
Endovascular simulators
Simulators are increasingly sophisticated and realistic.59
A number of companies (Mentice, Sweden; Immersion
Corporation, USA; Symbionix, Israel) manufacture en-
dovascular simulators and others are being developed.
These systems offer features such as force feedback and
the ability to become accustomed to the steps and in-
struments used in CAS away from the patient. Publica-
tions of simulators for CAS are inevitably sparse,
however they have demonstrated that use of simula-
tors during a course decreases fluoroscopy time and
time to complete a case. Scores as assessed by checklist
following training also improve. Furthermore, the
trainee is familiarised with the tools required for
CAS.60,61 It is clear from the available literature that
while these systems are showing promise they are un-
likely to act as a substitute for supervised training on
patients. The potential role of simulators is to accelerate
the learning curve of familiarity with the instruments
and process; simulators cannot replace clinical experi-
ence. More studies are needed to assess the value of
simulators in reducing the learning curve associated
with CAS, and transfer of skill to the operating
theatre/angiography suite.
The simulated operating theatre environment
The simulated operating theatre allows for a procedure
to beundertaken in an environment as close to reality as
possible.All element of a fully functional operating the-
atre such as staff (nursing, anaesthetic) and equipment
are included.62 The simulated operating theatre allows
for assessment of non- technical skills such as commu-
nication and decision making26 which, according to
Spencer, are more important than pure technical abil-
ity.63 The simulated operating theatre also allows for
the simulation of crisis scenarios.64 Crises which can
be simulated in CEA include complications of general
and local anaesthesia, bradycardia and hypotension
due to carotid body stimulation, stroke requiring shuntinsertion and shunt dislodgement. The trainees can be
assessed in a realistic and challenging environment
which allows for more robust evaluation of ability
than bench models alone.54
If the CAS models are used in the simulated oper-
ating theatre environment; the realism of these
experiences may be further enhanced. The Crossroads
Institute in Brussels, has developed a fully functional
simulated endoscopy suite which allows for a broad
range of interventional vascular procedures to be
performed on a sophisticated mannequin.
The simulated operating environment, may allow
for further evolution of increasingly sophisticated
training away from the operating theatre.
Incorporating models into training
Bench models
These are easily incorporated into a hospital train-
ing program. The models can be used in a structured
weekly training slot (Fig. 1), and are small enough to
be easily moved. They may for example be stored in
the operating theatre where the steps of an endarter-
ectomy can be performed while the patient is being
anaesthetised, or in the often lengthy wait for the next
patient to arrive. In addition trainees can practice in
their own time (including at home) and videotape
their performance for review at a time that may be
more convenient for the trainer.
Endovascular simulators
The cost of the simulators for carotid stenting may
prove prohibitive for most vascular units, however
Fig. 1. A weekly training session on a carotid bench model.
Performance is being videotaped for later review with the
trainee allowing for structured feedback.Eur J Vasc Endovasc Surg Vol 33, May 2007
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tors. TheCrossroads institute inBrussels in collaboration
with the European Society for Vascular Surgery incorpo-
rate various simulators into training courses (Fig. 2).
Fig. 2. A trainee being instructed on carotid artery stenting
on a simulator on a course run during the European Society
for Vascular Surgery annual meeting.
Fig. 3. A trainee performing a local anaesthetic carotid end-
arterectomy in the simulated operating theatre at St Mary’s
Hospital. The carotid model is attached to the neck of an
actor trained to play the role of the patient.Eur J Vasc Endovasc Surg Vol 33, May 2007Simulated operating theatre
Not all hospitals have the benefit of a dedicated
simulated operating theatre however vacant theatre
or empty list may be employed to run simulations
(Fig. 3). Courses incorporating the simulated operat-
ing theatre are envisaged in the near future.
Conclusion
Current training is dependent upon the vagaries of
clinical practice and constrained by the need to pro-
vide safe surgery. Crises are infrequent and a trainee
cannot, therefore, develop coping mechanisms.
Knowledge is tested via written and oral examina-
tions however technical and non-technical aspects of
operative performance are not currently tested apart
from in the FEBVS exam. The technology for robust
training and objective assessment exists and should
be developed. It should both complement and aug-
ment current training and assessment methods. Ob-
jective competency based training and assessment
for CEA is no longer unattainable.
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